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AnaHoTanus

MeTtonom KOH(MOPMAIMOHHBIX 30H/I0B MU3yYeHBbl BTOPUUHBIE PETAKCAIIMOHHBIE MTEPEXOIbI U
JIOKaJIbHAs JUHAMHUKA B IOJMAKPUIOHUTPHUIE U nonusuuauiaxsiaopuae. Onpenesenst dhdek-
TUBHBIE PAa3Mephl MOJBUKHBIX 3JIEMEHTOB CBOOOIHOTO 00BbEMA. YCTAHOBJIEHA CBA3b (haKTOpa
ra30opas/ie/IeHnst KUCJA0POIa W a30Ta C TIOIBUKHBIMU 3JIEMEHTAMU CBOOOIHOTO 06hEMa B TO/IMA-
KPUJIOHUTPHUIIE, TIOJUBUHUIXJIOPU/IE U Psifie APYTUX CTEKIO00PA3HBIX MOJIIMMEPOB.

KiroueBble cJioBa: BTOPUYHbBIE PEJIAKCAIMOHHBIE TIEPEXOIbl, JIOKAJIbHA JTUHAMUKA, CBO-
boaubiii 00bem, TK-cnekrpockonusi, cTeK/1000pa3HbIe MOJTUMEDDI.

BBenenue

[Iporuecesl pa3aeneHus KUAKAX U Fa30BbIX CMECeil UIPaloT BazkKHY0 POJIb BO MHOI'MX
OTpaC/IsIX MPOMBIIIJIEHHOCTH U B 3aIllUTe OKpyKarolieil cpeabl. Hanbosee yauBepcasnb-
HBIM METOJIOM PA3JIeIEHIs CMECeil sIBJISeTCs pa3IeseHre ¢ NCIOIb30BAHNEM IOy TPOHM-
naembix Memopan. Ceromgas MeMOpaHHbBIE TTPOIECCHI TPUMEHSIIOTCS JOCTATOYHO TIHPOKO,
a 006/1acTh UX IPUMEHEHHs [IOCTOSHHO PACIIUPSAETCs, YTO 00bACHIETCS BHICOKOH CesleK-
THBHOCTBIO MeMOpaH, a TAKKe PA3BUTHEM CHHTE3a U epepabOTKu MOInMepoB. B maaeko
HETOJIHBIN MepevYeHh TAKUX MPOIECCOB MOYKHO BKJIIOYATH MPOM3BOICTBO MPECHON BOIbI
U3 MOPCKOil, pa3jeseHne KUCJI0POJa W a30Ta, METAaHa W YTJEKUCJIOrO ra3a, W3Bjede-
HUE BOJOPOIA, PA3JE/eHNe KATHOHOB, AaHWOHOB M OPraHUYECKUX MOJIEKYJI, YIAJEHUE
aposuroro Ho S u3 npupoanoro raza, yaaaeaue NHg, NOo u SO o u3 ApIMOBBIX ra3os,
yJajeHre TOKCUIEeCKUX BELIECTB U3 KPOBU, KOHIIEHTPUPOBAHNE BOIHBIX PACTBOPOB, 00€3-
BOXKMBaHHE OPraHUYeCKUX PACTBOPUTEIEH, H3BIeYeHre KpaxMasia U OeJIKOB B UIIEBOI
MPOMBINIJIEHHOCTH, W3BJIEYeHNE KPACUTENell B MeTajIIyprun, u3BjedeHne (pepMeHTOB,
AHTHOMOTHKOB W JKapOMIOHUKAIOIINX MpenapaTos B dbapmakomornn [1].

[Ipunumn geficTBUs HOJUMEPHBIX Pa3leuTeNbHBIX MEMOPAH OCHOBAH Ha Pa3HOCTH
[IPOHHUIIAEMOCTH Pab0vero Cjios moJIMMepPa 10 OTHOIIEHUIO K PA3/Ie/sieMbIM KOMIOHEHTAaM
UCXO/IHOI cMecu BemecTB. Pa3jenseMble CMECH MOIYT HAXOJMTLCS B a3000pasHOM U
JKUJIKOM COCTOSTHHSIX, 8 MeMOpaHHBbIe pabodume CJIOW MOTYT OBITh KaK TBEDILIMHU, TaK
" KUIKAMU. B mociennem ciydae KUAKUN pa3IeuTeIbHBIH €TI0 pacmojaraioT Ha
TBEPION TTPOHUITAEMOI TTOITOKKE.

Bonbmoit narepec Kk MeMOpaHHOMY Pa3[eeHUI0 BBI3BIBAET HEOOXOIMMOCTDH HCCTIe-
JIOBaHUsI BHYTPEHHEH CTPYKTYPbI HOJAMEpa, UCCAENOBAHAS TUHAMUYECKUX [IPOIECCOB,
MPOUCXOSIINX B MAKPOMOJIEKYJIAX, OMpeIeIeHnsT CBOOOIHOTO 00bEMA TIOIMMEpA U PaC-
npejiesieHust ero mo pasmepam (ero HaHOCTPYKTYpbl). M3ydenne B3auMOCBSI3U CTPYK-
TYpbl U CBOWCTB SIBJISIETCS KJIIOYEBBIM MOMEHTOM MPHU CO3JAHUH HOBBIX MATEPHUAJIOB.
Penakcanponuble CBOACTBA MOJMMEPHBIX MATEPHAJIOB OLPEIAEISAIOT BO3MOXKHOCTDH UX
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MPaKTUYIECKOTO WCIOJIb30BAHNS, a TPUPOIA W XapaKTep PeTaKCAIMOHHBIX TPOIECCOB
3aBUCAT OT CTPOEHUS TOJUMEDOB.

Onaum n3 GU3NIECKUX METOOB MCCIEIOBAHNS CTEKI000PA3HBIX MTOJTUMEDPOB SBJIs-
ercst TK-criekTpocKonmyIecknii MeTos KOHMOPMAIMOHHBIX 30HI0B [2], 3aKmoydatoniuiics
B TOM, YTO B TOJINMED BBOJIMTCS B KadecTBE 30HIA HEOOJBINOE KOJIWIECTBO HU3KOMO-
JIEKYJISPHOTO KOH(MOPMAIMOHHO-HEOTHOPOAHOTO coeantenns. Ilo remnepaTypromy n3-
MEHEHWIO OTHOIIEHNS WHTEHCHBHOCTEH KOH(MOpManuoHHO-dyBcTBUTENbHBIX UK-momoc
TOTIOMIEHN A 30H1a HAG/II0IaI0T 3aMOparKuBaHue KOH(MOPMATIMOHHBIX DABHOBECHHT MOJIe-
KYJI 30HIOB. 3aMOpaKuBaHue KOHMOPMAIMOHHO MOBUKHOCTH MOJIEKY/T 30HI0B, HMe-
IOIMIMX Pa3JINTHble 00HEMBI AKTHBAIINH, 00YCIOBIEHO BTOPUIHBIMU PEIAKCAITHOHHBIMA
epexogaMu, TPOUCXOAAIINMY B TIOJNMEpe TTPH TeMIepaType HUKe TeMITePaTyphl CTeK-
sosanus [2]. Vcnoap3oBanne HAOOpa 30HIOB € PA3IHYHBIMU 00bEMAMI BPATIAIOIINXCST
¢ parMenToB MO3BOJIAET OMPEIETUTD TEMIIEPATYPHYTO 3aBUCHMOCTD Pa3Mepa MO IBUKHO-
ro 3JieMeHTa CBOOOIHOro 06béMa (IIOABUKHON «IBIPKU» ) B CTEKJI000PA3HOM MOJIUMEDE,
YTO TIPEJICTABIISIET OOBINON WHTEpeC MPHW W3yYeHNH TPAHCIOPTHBIX CBOWCTB pa3/Iesn-
TEJIbHBIX MEMOPAH.

B nanmnoit pabore MeTomom KoH(MOPMAIIMOHHBIX 30HI0B N3yYaiCh PeIaKCAITHOHHbIE
[epexozbl u noKanbHas AuHaMuka nonuakpunonurpuia (-CHy—CH(CN)-),, (ITAH) u
nonusrHIAxI0puaa (—-CHo-CH(CL)-),, (IIBX). 91u mosuMeps! yKe HAILIA IHHPOKOE
IpUMEHEHNe W B HACTOSIIEE BPEMS MCIOIb3YIOTCH TIPU CO3/IAHAN KOMIO3UTHBIX MaTe-
puasor [3]. B TTAH n IIBX orcyTcTByIOT KpyMHBIE GOKOBBIE 3aMECTHTENN B OCHOBHO
e MaKpOMOJIeKyIbl. MOXKHO mojtaraTh, YTO BTOPUIHBIE PEAKCAIIMOHHDIE TTePEeXOIhI
B 9TUX [OJUMEPAX CBA3AHbI C JIBUMKEHUFMHU OJHOIO UJIM HECKOJIbKUX 3BeHbeB (dpar-
MEHTOB) OCHOBHOM Il MaKPOMOJIEKYJIbL.

1. SKCHepI/IMeHTaJIbHaﬂ qacTb

Uccnenosancs mopormkoobpasustit ITAH dupmer Aldrich (M., = 150000) u nBa
Bua BosjokoH n3 [TAH. Mcenenosasica Takske nopomkoobpasubiii [IBX npoussoacTsa
OAO «CasgHCKXUMIIIACT», Oy YEHHDBIH paguKaIbHON MoIuMepu3aIneii BUHIIXJIOPUIA
CYCIIEH3UOHHBIM METOJIOM B BOJIHOI Cpeje.

B kauecrBe 30H10B ucnosb3oBaau 1,2-auxsuopsran (IX9), 1,1,2,2-rerpabpomaran
(TBD) u 1,2-nudennmran (API). Yucrory stux coepunenuii nposepsan no NK-
cnektpam. HabOmronenne 3a KOHGOPMAIMOHHBIM PABHOBECHEM 30HIOB B TMOJIUMEPAX
ocymectBnianu mo WUK-cmekTpam mornomenns, KOTopble peructpupoBain Ha Dypbe-
cmekTpoMerpe Spectrum 100 ¢pupmsr Perkin Elmer s o6macta 400-4000 cm ~!. Yncno
CKAHOB COCTABHI/IO 64, pACCTOSHEE MKy TOUKaMH paBHATOCH 1 v !, Jlng m3ydenns
BJIMSHUS TEMIIEPATyPhl HA KOH(OPMANUOHHYO JuHamMuKy 30u71a B obmactu 300-100 K
HCTIOJIB30BAJIA KPUOCTAT (DUPMBI Specac, OXJIaXK IaeMbIil KUIKUM a30ToM. Temmeparypy
m3mepsnn ¢ Toanoctbio +1 K. Beibop MK-nosoc norsomenns pa3indabix KOHGOpPMa-
Uit 30H0B, METOAMKA MPOBEIEHUS YKCIIEPUMEHTa U 00PAOOTKH CIIEKTPOCKOMUYIECKOM
undopmaluu onucanbt B [2, 4].

g nonygenuns nnénok [TAH (moporikoofpa3Horo u B Buje BOJIOKOH) IOJUMED
pactBopsiu B qumeruincyabdokcuae npu 1 = 60 °C'. TlosyueHHbI# pacTBOP HAHOCUIN
HA CTeKJISHHBIE MIacTuHbl. 1Inéuku BeicymuBaau npu temneparype 1 = 40 °C', 3aTem
OT/EJISAJIV OT CTEKJIA W OTMBIBAJIN OT OCTATOYHOrO PACTBOPUTEJIS B AUCTUIIAPOBAHHOMN
BOJIE B T€UEHUE HECKOJIbKUX CYTOK. 32 KOHIIEHTPaIneit 30H1a i PACTBOPUTEJIS B IJIEHKAX
mabmoganu o UK-cnexkrpam.

s perucrpanuu crekTpos BojokoH ITAH na nosepxunoctu miactuaku KBr mior-
HO YKJIQJBIBAJIN TapaJiIeJIbHO apyr Apyry Bosjokua [TAH w makpwiBaju Apyroi mia-
cruakoit KBr. @onoBas onrudeckas TMIOTHOCTH MOJYYEHHOW TaKUM 00pa3oM MIEHKN
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Puc. 2. UK-cnexkTp mnéuku IIBX

(2 x 2 cm) cocrapisia npubiausuresasto 1. dusa perucrpanun UK-cnekrpos nopomko-
obpasubix [TAH u I[IBX rorosunu tabiaerku nomumepos ¢ KBr. IonuMepnbie muenku
TIBX mosywann onucanubIM B [2] criocob6om w3 pacTBopa B Terparnapodypane.

2. PesyabTraThl U obCcyXKJeHUe

NK-cnekrps ITAH npusemennt Ha puc. 1. CnekTpbl AByX 00pa3IioB BOJOKOH OJIU3KN
JIPYT K APYTY, U B HAX HAOIIOAAIOTCS TIOJIOCHI TUMETHI(POPMAMU/1a, KOTOPBIH UCIIOIB3Y-
eTCd IPH U3TOTOBJEHHH BOJOKOH, HampuMep, moioca 1733 ¢u ~!. CHexTphI BOJIOKOH
mIEHOK 13 HuxX aHagornddel. Ha puc. 2 npeacrasien UK-cnekrp nnéaku [IBX. Crnekrp
I[IBX B tabnerke ¢ KBr amamornuen crnektpy mnénku IIBX. Vropsaouennsie obma-
CTH TOJIMMEpPA KOJMNIECTBEHHO XapaKTepnu3yioTcs CTenenbio KpucraaandrnocTa. OgHaxko
[paBuUbHEE TOBOPUTH O CTEIEHU YIOPsIOYEHHOCTU BEMIeCTBA IO OTHOINEHWIO K BbI-
OpaHHOMY METOJy WCCIeI0BAHUS U OIPAHUYUTDH MOHATHE KPUCTAJUINIHOCTH TEMU CIIy-
JagMr, KOTAa KPUCTATTHIECKYTO a3y MOKHO OJHO3HAYHO naeHTuduinponsars. B NK-
CTEKTPOCKOMHH 3TO He Bcerja ymaércs. [Iomochl, MHTEHCHBHOCTH KOTOPBIX BO3PACTAET
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Puc. 4. Koppensmusa mexay T u Vf It pa3augHbx 3007108 B [IBX

C TIOBBIIIIEHUEM CTEIEHU YIOPSI09€HHOCTH, HA3BIBAIOT MMOJOCAMHU KPUCTATIUIHOCTH, &
[0JIOChI, MHTEHCUBHOCTH KOTOPBIX [PH 3TOM CHHUXKAETCsd, — mojiocamu amopduocru [5].

B cnekrpax nopouikoodpasuoro ITAH (rabnerka ¢ KBr u ninénka u3 BojokoH) Ha-
6I10IaeTCsT TI0JI0Ca YIOPAI0UeHHOCTH 778 v ~ 1| KoTopast CBUIeTelbCTBYeT O HAJHIHi
obmacreii kKpucranangaroctn [5]. B cnekrpax [IBX mpucyTCTBYIOT TOIOCH! yIOPSIIOYEH-
nocru 638 u 1426 cm—* [5, 6].

Boutn uccnemoBanbl TeMepaTypHble 3aBUCHMOCTH KOH(DOPMAIIMOHHBIX PABHOBECHI
Mosnexkyn 3087108 B miéHkax [IBX u ITAH, npuroropieHHBIX U3 IIOPOIIKOOOPa3HBIX
obpasmoB moinMepoB. B KadecTBe mpmMmepa Ha puc. 3 MpejicTaBiIeHa 3aBUCHMOCTD
In (Dipanc/Drom) = f(1/T) mua AXS (3omn) B IMMTAH. Dipauc U Diow — oOmTHUE-
ckue morHoctn VK-momoc norsomenns Tpanc- u rom-koudopmaruii /1X9. Ilo stum
3aBUCHMOCTSIM ONPEJIEJIEHBI TEMIIEPATYPbI 3aMOPaKUBAHUs KOH(POPMAIMOHHBIX PABHO-
Becuit 300108 (Tf), KOTOpBIe IpuBeaeHEL B Tabs. 1. 3mech IpUBEAEHDI TaKKe MOy IeH-
uble pamee B [7] Besmanunt Ty fuist 306108 1,2-nmunapabpomdennmsran (AIIBDY), 1,2-
rpancauxaoprukiaorekcan (JIXIIT) u merokcunuxnopdocunokcun (MIX®) s [IBX.
Jna ananmsa peakCalMOHHBIX TEPEXOIOB B TOJMMEPAX TeMmepaTyphl 1y MOYKHO CO-
OTHECTHU C AKTUBAIMOHHBIMU O0BbEMaMU Vf 301,108 [2]. Benuuuna Vf XapaKTepusyeT
MUHUMATBHBIH 00beM, TpedyeMblil 171 KOHGOPMAIHOHHOTO TEPEX0/Ia COOTBETCTBYFOIIE-
ro 30872 B noiaumepe. Besuaunbt Vf npusenenst B Tabsa. 1. Ha puc. 4 npeacrasiena
Koppensauug mexay Ty u Vf.

ITpn TemmepaTypax HEZKe TeMIepaTypbl cTeknosanua Ty cBOOOTHBIN OOBEM AB-
JIsieTcss CyMMOW CBOOOJHOTO 00BbEMA, CBA3AHHOTO C TEMJIOBOI MOJABMYKHOCTHIO (par-
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Tabn. 1
Temmneparypst 3amopaxusanus 17 (K) xordop-
MAaIMOHHBIX II€PEX0I0B 30H10B B mmouMepax [IBX

u [TAH
Bomn | V7, A? TIBX et IAH
JIvE) 24 145+ 15 | 165+ 15
MIXD 26 170+ 5 .
TIXIIT 35 190 £ 15 -
TBD 57 210 + 15 | 175+25
@D 36 255+ 15 | 160 + 15
TIB®D 108 275 + 10 -

MEHTOB TOJTMMEPHBIX Temeil, # CBOOOTHOrO 00bEMa, 0OYCIOBIEHHOTO HEPABHOBECHOM
CTPYKTYpPOil CTEKJI000pa3Hoil mosmMepHoii marpunpl. [lepBasi cocraBisromast ¢BOOOI-
HOTO 00BbEMa (bopMuUpyeTCs U3 0OHLEMOB MOABUKHBIX «IBIPOK», BTOPasi — U3 00bHEMOB
HEMOJBUKHBIX. Pa3Mep HEMOABUKHON «IbIPKU» MeHAeTCs (IIyIbCUPYET), TaK KaK OH
CKJIAJIBIBAETCS W3 HEM3MEHHOW 9acTh, 00YCJIOBIEHHON HEPABHOBECHOCTHIO CTPYKTYDbI,
U MEPEeMEHHON YaCTH, CBA3AHHON C MOIBUIKHBIMU <«JIbIPKaMuy. [1OABUKHBIE «IBIPKU»
dbopmupytorcs 6arogapst JJOKaIbHON MOABUKHOCTH PA3IUIHBIX (DPATMEHTOB MOJIUMED-
HBIX Temneii. PasMepbl MOABUIKHBIX «IBIPOK» OMPEIENISIOTCA PA3MEPAMU TOIBUKHBIX
¢dbparMeHToB TMOJUMEDHBIX IIeTei.

Habnronas 3a BHYTpeHHUM BpallleHUeM BHEJPEHHOrO B MOJUMED 30H/A U €ro KOH-
GOPMAITUOHHBIM PABHOBECUEM, 3ABUCAIIIAM OT TEMIIEPATYPbI, MOXKHO CYIUTh 00 H3MeHe-
HUAX, TPOUCXOIANIAX B HAHOCTPYKTYPE JTAHHOTO MOJUMepa. 3aMopaskKuBanue KoHpop-
MAIMOHHO! MOJABUKHOCTH 30HIA B MOJIMMEpPE CBUIETEILCTBYET O TOM, YTO BEJIMYNHA
MyJILCAIINHN TIOJIOCTH, B KOTOPOIl HAXOIUTCST 30HI, CTAHOBUTCS HEJOCTATOIHOMN st BHYT-
PEHHEro BpalleHus 30Ha, TO eCTh Pa3Mep MOJBUMKHON «JIbIPKU» CTAHOBUTCS MEHbBIIE
Vf. MozkHO TOBOPHUTH, YTO ITO ODYCJIOBJIEHO 3aMOPAKUBAHUEM JIOKAJIHHOW MOIBUAK-
HOCTH COOTBETCTBYIONIUX (PPArMeHTOB TOJUMEPHO#T Tiernu, (POPMUPYIONIUX MO/ BUKHBIH
cBOOOIHBIN 00bEM. VHBIMU C/TOBAMY, TOABUMKHBIE «IBIPKU» OMPEIEIEHHOIO pa3Mepa
MPEBPAIAIOTCS B HEMOABUXKHBIE. TakuM 00pa30M, BEITMYNHA Vf xapakrepusyer 3¢d-
beKTUBHBIN pa3zMep MOABUIKHOTO JIEMEHTA CBOOOTHOTO 00BEMA.

I[MTAH gapnsiercs gacTu9gHO KpucTammndeckum mnoaumepom. O umeer aMopdHYO 1
MAPAKPUCTAITAIECKYTO (hasy, UTO yCI0KHAET HHTEPIPETAIUIO MOy IeHHBIX Pe3yibTra-
T0B. B [8] m3yuanuch penakcarmonnbie mepexonsl B ITAH: - m ay-penaxcanns Ha-
omromaercsa B obmactu 150 °C, [ -penakcamnus obunapyxkena npu 100 °C, a B obsactu
remmeparyp ot 25 °C mo —150 ° C maxomurcs mupokas 0bacts y-penakcaruu. Oba-
cru kpucrajanuanoctu B ITAH xoporo uccienosanst [9-11], BbicKa3aHo npeanosoxenue,
9TO Ha KOH(MOPMAIHUIO MEMH MAKPOMOJEKYJIbl B KPUCTAINYIECKON (a3e BIUMIOT Tak-
THdecKkue cpoiicTsa nenwu. [Inockas kordopmarus 3ur3ara obpa3yercs CHHINOTAKTHIE-
CKUMU WJIM KOPOTKUMHU M30TAKTUIECKUMHU YIACTKAMH IETH, & CIUPAJTEBUIHAS KOHMOP-
Malus — aTakKTHYecKnMu ydactkamu menu. [lupura 06/1acTu ~y-peakcanuy CBI3aHa,
[O-BUIUMOMY, € JIOKATBHBIM JIBUXKEHHEM B KOH(DOPMAIIMOHHO-0ECIOPSTOYHBIX yIaCTKAX
e MaKPOMOJIEKYJIbI.

Tak kak 06bEM V;‘é MO/IBUKHOTO (bPArMeHTa MOJIEKYJIbI 30H/1a W3BECTEH, MOXKHO
oTmpesieNINTh pasmep dparMenTa, ydacTsytomero B penakcarwm npn Tr. Ilockombky
B ITAH xkondopmamnuonnse mnpespaiienus Bcex Tpéx 30u08 (XD, TED u DI)
3aMOpO3UJINCh TIpU OfHOM Temmneparype (~ 165 K), MOXKHO cmesarh MpeanosiokKe-
HHE, 9TO BaH-JIeP-BAAIBCOB OODBEM MOJABUIKHON MHUKPOMOJOCTH OyJeT HE MEHBIIUM,
qeM 00bEM V;‘é Jig caMoro 6osibmoro 3ouzaa, To ectb AP (tabn. 1). Wcnonb3ys
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Puc. 5. MonekynsapHblii MexaHu3M IBUKEHUsS aTU(ATHIECKUX ATOMOB YIIEPO/IA TUIA, «KOJIEH-
JaTBIA BaJJI»

MeTOJI WHKPEMEHTOB, OMMCaHHBIH B [12], MOXHO momobparh (dparMeHT MakpoMOoJe-
KyJIbl C 00bEMOM, OIu3KUM 00BEMY V;‘é gist JI®D. Takum (parMeHToM ABIAETCS
—CH(CN)-CH2—-CH(CN)-CH 2—. Cuiezryer OTMETUTH, YTO C [OBDIILIEHUEM TEMIIEPATY Dbl
BO3MOXKHO PA3MOpAKUBAHIE OOIBINX MO 00bEMY (hDparMeHTOB.

MexaHu3M MOJEKYAAPHOTO IBUKEHUS TAHHOTO (DpArMeHTa MOYKHO OMUCATH C TO-
MOIIBIO JIBUYKEHUS THUTIA <KOJEHYATHIH Baj» (puc. 5), npemjoxkennoro larnku st
ONMCAHUSA 7Y -PEJAKCAINN HUZKE TEMIEPATYPhI CTEKJIOBAHNS B MOJIUMEPAX, COAEPAKATINX
JIMHEHHY 0 TI0CJIe/I0BATEIBLHOCTD MeTUIIEHOBBIX Ipyi [13]. Mexanusm npeiacrasiser co-
00l OIHOBPEMEHHOE BPAIEHNe OTHOCUTEIBHO IBYX CBA3€EH d7eMeHTa MOJTNMEPHONH Tenn
TaKUM 00PA30M, 9TO HAXOISIIUECS B STOM 3JIEMEHTE NN aTOMBI YIJIePOIa ABUIKYTCS
Kak KoJjieHdaThbiil Baj. CyIeCcTBEHHBIM JIJIsT 9TOTO MEXaHU3Ma SIBJISETCS TO, 9TO CBSI-
3u 1 u 7 xonnuneapubl. Qcranbable YacTu Heneil wim GOKOBBIX IPYIIN MPH TOM MOTYT
OCTaBATHCs 3AMOPOKEHHBIMHU, U JIBUYKEHIE OCYIIECTBIISIETCS TOIBKO B OTHOCUTEIHHO Ma-
JIOM 00bEMe. DIIeMEHT TeNu, OCYIIECTBAIIONINI BpaIlleHre, MOXKET COJEP:KATh PA3HOE
KOJIMYECTBO aTOMOB yriepofa (6omee 3-x). Onucanublii MeXaHU3M BO3MOMKEH JIMIIL B
aMOpdHBIX 00ACTIX MOJIUMEDPOB.

[IBX rakke sABASETCA HACTHIHO KPHUCTAJINUECKUM ToauMepoM. Kak Buano n3
tabs. 1, koudopMaruonHas MOIBUKHOCTH PA3HBIX 30H/I0B MPEKPAIIAETCH MPU PA3HBIX
reMmeparypax. 9To yKaspiBaeT Ha Hanu4dne B [IBX HECKOTBKUX BTOPUIHBIX PETAKCAIIH-
OHHBIX TiepexosioB. B [14, 15] meromomM moMuHecieHTHBIX 30H10B B [IBX 00HADYKEHBI
peJaKCaIMoOHHbIe TepexoIbl mpu Temmeparypax 193, 213 u 233 K. Kak Buano u3 tada. 1,
TEMTIEPATYPHI ITUX TEePEXOA0B OIM3KN K 3HaveHnaM 1 1y1d KOHMOPMAITORHBIX 30H0B
XTI, TB u 109 B IIBX.

CpaBHuBas BaH-7€p-BaaabCOBBI 00bEMbBI KOH(MOPMAIMOHHO-TIOABUKHBIX YacTeil 30H-
JIOB ¢ OOBEMaMM PA3NUIHBIX (PparMeHToB Makpomonekyabl [IBX, MoXHO BBIZETHTH
dbparMeHThl, JIOKaJbHAs MOJIBUKHOCTH KOTOPBIX 3aMOPAYKUBAETCs MPU OMpPEIeTEHHOM
BTOPUYHOM peJIaKCAIMOHHOM nepexoze (tabi. 2). Hanpumep, peakcanuonubii mepexo
B obsractu temmneparyp 145-170 K ciemayer ornectr K 3aMOpPaKUBAHUIO MOABUXKHOCTH
dparmenra —CCIH—, a nepexoy npu 190-210 K cBsa3an ¢ aBukenuemM Tuna <«KoJeHYa-
toiit Bany dparmenra —CHo—-CHCI-CHo— win —CHCI-CH 3 —CHCI-, u makomer, npu
remmeparype 275+ 10 K Bo3M0KHO 3aMOpaKuBaHuUe MOABUKHOCTH (DPATMEHTA U3 IBYX
MOHOMEDPHBIX 3BEHBEB MOJIMMEPHOI TETH.

[To nanubiM Tabs1. 1 ypaBHEHNE KOPPEIANNY, CBa3biBaoee 3 (HeKTUBHBIE pa3MepPhI
MOABUKHBIX 3JIEMEHTOB CBOOOIHOTO 00bEMa ¢ Temneparypoit, g [IBX umeer Bu:

Vogpg = 0.687T — 84.

OnHo mo3BOJIsIET OMPEIETUTh 00bEM MOABIKHON «abpipkuy B [IBX npu Temmeparype
300 K, xoTopsrii pasen 120 A3,
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Tabt. 2
TemnepaTypbl penakcanmumonnbrx nepexonos B [IBX (7, = 343 K)
Tpen, K | OTHeceHme K NOABHAKHOCTH IPYIII OJIEMEPA
145-170 ~-CCIH-
190-210 ~CH2-CHCI-CHz— u ~-CHCI-CH>-CHCI-
255-285 (-CH,-CHCI-),

Tabr. 3
Xapakrepuctnkn 3hdEKTUBHBIX 3JIEMEHTOB CBOOOIHOrO 00bEMA B TIO-

JIMMepax, MPOHUIIAEMOCTh TI0 OTHOIIEHNIO K KUCIOPOay n (akTop pas-
neseHus Kucaopoaa u azora npu temmeparype 300 K

Ne | Homumep | Ty K | Vagp,A® | Ig P(O2) | P(O2)/P(N2)
1 TIBA 303 138" —0.75 7.8
2 TIBX 343 120 —1.03 8.7
3 TiC 373 103 0.08 5.7
4 | TIMMA | 380 93 —1.04 8.7
5 [TAH 393 170 1.92 2.9
6 | IIBTMC | 423 175 1.64 3.2
7 | IIDU-1 | 478 136 —0.002 5.9
8 | IdPU-5 | 493 221 7.65 0.3
9 | TIDU-3 | 548 162 0.25 5.4
10 | ITMCIT | 553 189 3.89 14

*IIpu Temmepatype, paBuoii 283 K.

Jl1s1 onieHKuM 06bEMa, MONBUKHBIX ALIPOK B [IAH ucnons30Bano ypaBHeHHE KOPPEJIs-
MU, COCTABJIEHHOE TIO YKCIEPUMEHTAJbHBIM JAHHBIM, TMOJyYeHHBIM METOIOM KOH(MOD-
MAaIMOHHDBIX 30H/IOB [IJI W3YIEeHHBIX HAMHU paHee CTEKJI000PA3HBIX MOJTUMEDPOB:

Vo = 0.87T — 133.

OTa KOPPEJISIUs OTPAYKAET CPEIHUIT YII0BOH KOI(MDMUIIMEHT MPIMOIHHEHHBIX 3aBHU-
cnmocTeit MexXy Vigg W 1, TOTYHUEeHHBIX TP W3YTEHNN OTAEIBHBIX ToanMepos. C ero
MTOMOIIBI0 MOYKHO OIIEHUTD ISt JIF000# Temreparypbl 3G (EKTUBHBIN 00HEM TIOIBUAKHON
MHUKPOIIOJIOCTH B IMOJIUMEPE B TOM CJIydae, KOTJIA 10 MeTOLy KOH(MOPMAIMOHHBIX 30HI0B
OIIpe/iesIeHA TOIHKO OJHA TEeMIIePATyPa 3aMOPaKUBaHUA KOHMOPMAINOHHOTO TEPEX0A
JIJIsT OJTHOTO 30H/Ia WJIN KOTIA JIJIsT KAKOTO-JIU00 TOJINMepa MOJIYYeHbI IBe U TPHU MPU-
6rm3uTensHo ofauHakoBele TeMueparypsl 1y . Ilockonsky mas ITAH xordopmarnontbie
npespaienus seex Tpéx 308108 (JIX, TBD u JI®) 3aMopo3uauch mpubIu3uTebHO
upu oxuoii remneparype (~ 165 K), npamas ¢ yriosbim ko3ddunuenrom 0.87, npo-
BeJIéHHAA Uepe3 TOUKy ¢ KoopamaaTamm Ty = 165 K n Vf = 55.5 A3, naér nna
temneparypsl 300 K o6bém nonsuzknoit Mukponosioctu B ITAH, pasnbiii 170 A3,

Tabn. 3 comepKuUT SKCIEPUMEHTATbHBIE JAHHBIE, IOy YeHHbIE PA3ZHBIMU ABTOPAMHU
0 MPOHUIAEMOCTH KUCIOPOa 9epe3 Pl MoauMepos (jorapudMupoBaHue JAHHBIX, KAK
MPUHSTO B TAKUX CJIydasX, MPOBEIEHO B CBA3U C IMTUPOKUM JIMATA30HOM W3MEHEHUS
K03 PUIMEHTOB TTPOHUIIAEMOCTH MOJTUMEPHBIX MATEPUAJIOB).

B [16] upexcraBiienbl pe3yibraThl CTATUCTUYECKOIO AHAJIU3A IKCIEPUMEHTAIbHBIX
JAHHBIX 10 razomnponurnaemoctu 400 moJIMMEpoOB W HAa OCHOBE 3TOTO AHAJM3A JIAHBI
KOPPEJISIIINOHHBIE YPABHEHUS JIJIsT PACUETA MPOHUIIAEMOCTH METAHA MO OTHOIIEHUIO K
HEKOTOPBIM JIDYTUM Ta3aM BHE 3aBUCHMOCTH OT PAMOK OTPEIE/IEHHBIX KJIACCOB TOMO-
momMepoB. Hampumep, ecim uMeroTCst JaHHBIE 110 TPOHUIIAEMOCTH MO OTHOIIEHUIO K
KHUCI0poy (KaK B HameM cjydae), T0 Ko3bOUIHMEHT NPOHUIAEMOCTH 110 OTHOLIEHUIO K
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Puc. 6. Ca3b npoHUIaeMoCcTd 10 KUCJA0POAY € 3Gh(MEKTUBHBIM PA3MEPOM IIO/IBUKHBIX 3JIe-
MEHTOB CBOOOIHOrO 06bema nommmMepos: 1 — nomusuaunanerar (IIBA), 2 — nosmsuanaxI0pus
(IIBX), 3 — nosmcrupoa (IIC), 4 — nomumerunmerakpusnar (IIMMA), 5 — nosmakpuioHuT-
pun (ITAH), 6 — nomueuaunrpumermacuaan (IIBTMC), 7 — nomsdupuvma (II9NU-1), 8 —
nommyguprvug (II9U-5), 9 — mommsdupuvuy (IID9N-3), 10 — noAMTPUMETHICHIUITPONIMH
(IITMCTI)
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Puc. 7. CBa3b CeJIEKTHUBHOCTH ITPOHUIIAEMOCTH KHUCJIOPOAa U a30Ta ¢ 3hMEKTUBHBIM 00bEMOM
[TOJIBUKHBIX «IBIPOK» B ITOJIMMEPaX

MeTaHy Kak (pyHKIIUIO TPOHUIIAEMOCTH 10 KHCJIOPO/IY MOXKHO PACCIYUTATH 110 JTHHEHHOMY
YPaBHEHUIO
lgP(CHy) = —0.899 4 1.3291g P(O2).

Jlma pacaéra koad puimenTa MpOHUIIAEMOCTH TI0 OTHOIIEHUIO K a30Ty depe3 MPOHH-
[[AEMOCTh 10 OTHOIIEHUIO K METaHy MPUMEHSIOT CJEIYIOIIee «IIePeX0IHOe» YPABHEHHUE:

1gP(CH,) = 0.0147 + 1.1451g P(Ny).

[Mocnenawe nBA ypaBHEHHUS MO3BOJIAIOT PACCIUTATH (DAKTOP PA3IETIEHUS KUCIOPOIA
" a30Ta B IMIOJIMMEPHOM CJIOE KaK (i)yHKLH/IIO TTPOHUIIAEMOCTH MO OTHOIMEHWIO K KUCJIOPOIY
mo dpopmyiie
Ig [P(03)/P(No)] = 0.772 — 0.1611g P(O5).
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Ha puc. 6 u 7 npeacraBieHbl 3aBUCUMOCTH KOIMDOUIMEHTOB TPOHUIIAEMOCTH O OT-
HOIIEHWIO K KUCIOPOLY OT 3D MEKTUBHOIO 00bEMA TIOBUKHBIX «IBIPOK» U3YIE€HHBIX M0~
JIIMEPOB U CBA3b (haKTOPa pas3/iesieHus KUCIOPOIA U a30Ta ¢ MOMOIIBIO STUX MTOJTUMEPOB
¢ 00BEMOM TOABUIKHBIX «IBIPOK». HaOII01aeTCs BIOIHE 3aKOHOMEPHOE YMEHDBITIEHNE Ce-
JIEKTUBHOCTH TIPOHUIIAEMOCTH [0 MEpPe YBEeJUYeHNsT PA3MEpPOB MOJIBUKHBIX «JIBIDOK» B
MOJTMMEPAX.

Ha rubxocTb moInMepHBIX Memneii, 0T KOTOPOil 3aBUCHT (DOPMUPOBAHKE TOIBUKHBIX
«JIBIPOK », BJIUSIET TAKKE YACTUIHAST KPUCTAJIMIHOCTD MTOJTUMEDPHON MAaTPHUIIbI, U4TO, TO-
BUJIMMOMY, MOBJIUSJIO HA 3aMeTHOe orcryiienne pakropa pazienenus noaumepos [1C,
TIBX oT mpsiMOii KOppeIAIHOHHON 3aBUCUMOCTH (PaKTOPa PA3ICJICHIS KUCIOPOIA | a30-
Ta 0T 3PGEKTUBHOTO 00BEMA TOABUKHBIX «IBIPOK». Kpome TOro, mocKoabKy (hakTop
pa3jiesieHnsi paBeH OTHOIIEHUIO KOI(DMUITHEHTOB MPOHUIIAEMOCTH PA3IEIsIeMbIX Ta30B,
a K03 PHUIUEHT TPOHUIIAEMOCTH OIPEIEIIeTCs He TOMBKO auddy3neii, HO ¥ PaCTBOPH-
MOCTBIO i DYHIUPYIONIUX MOJIEKYJI, TO BIIOJHE 00bsICHUMbBI BO3MOXKHBIE OTCTY ILICHS
OT TMPSIMOii [IJTsT HEKOTOPBIX TIOJUMEDOB.

Taxk Kak 3aMOpa’kKUBaHNE KOHMOPMAIMOHHON MOABUKHOCTH MOJIEKY/T 30HI0B OTpa-
JKAeT BTOPUYHBIE PEJIAKCAIIMOHHBIE MPOIECCH, 8 HAHOCTPYKTypPa CBOOOTHOTO 00BEMA
MOJIUMEPA OIPEJIETACTCS JTOKATBHON MOABUKHOCTHIO MaKPOMOJIEKYJIbI, TO METOJ KOH-
(POPMAIMOHHBIX 30HI0B CBA3LIBACT 3P PEKTUBHOCTD (PYHKITHOHUPOBAHNS TOJTHMEPHBIX
pa3IeNuTebHBIX MeMOPAH ¢ JIOKATBHON MOABUKHOCTHIO TIOTUMEDPHBIX MATPHUIL, TO €CTh
C TIOJABUYKHOCTHIO KOHKPETHBIX KWHETHYECKUAX EJIMHMUIL TOJTHMEDA.

Pabora Boimonena npu ¢puHAHCOBOM ToAaepxKKe TpanTa [Ipesunnenta PO nna mom-
JlepKKY Beayiux Haydubix mkoa PO (HIIT-2965.2008.2).

Summary

D.I. Kamalova, I.M. Kolyadko, A.B. Remizov, M.Kh. Salakhov. Secondary Relaxation
Transitions and Permeability of Polymers with Non-Branched Main Chain: IR-spectroscopic
Method of Conformational Probes.

The secondary relaxation transitions and local dynamics in poly(acrylonitrile) and poly(vi-
nylchloride) have been studied by conformational probes method. The effective sizes of
mobile free volume entities have been determined. The correlation of the gas separation
factor of oxygen and nitrogen with the mobile free volume entities in poly(acrylonitrile),
poly(vinylchloride) and some other glassy polymers has been established.

Key words: secondary relaxation transitions, local dynamics, free volume, IR-spectrosco-
py, glassy polymers.
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